Psychopathologic traits that arise in adolescence may increase proneness to substance use uptake as well as channel the familial transmission of substance use. Poly use is a common pattern of substance use in youth. To identify a parsimonious model of familial transmission of substance use, the current study tested whether anhedonia-a psychopathologic endophenotype manifested as the inability to experience pleasure-mediates the association of family history of substance use (FHS) with polysubstance use patterns across midadolescence. High school students (N ϭ 3,392) in Los Angeles, CA, completed 4 semiannual surveys of mental health and substance use from ages 14-to 16-years-old. Use and co-use of cigarettes, alcohol, and marijuana across the 4 waves were reduced to 4 homogenous classes using parallel process growth mixture modeling: (a) abstainers (N ϭ 1,629, 48.0%); (b) experimenters (N ϭ 1,293, 38.1%); (c) polysubstance using marijuana escalators (N ϭ 210, 6.2%); and (d) heavy polysubstance using cigarette escalators (N ϭ 126, 3.7%). FHS was positively associated with membership in each of the three substance using trajectory groups (vs. the abstainers group). After adjusting for depressive symptoms and other covariates, associations of FHS with membership in the polysubstance using marijuana escalators group and with the heavy polysubstance using cigarette escalators group (in comparison with the abstainers or experimenters groups) were each significantly mediated by anhedonia in youth age 14 (the proportion mediated by anhedonia: 0.33-0.42). Etiology research and intervention addressing anhedonia may have value for understanding and preventing the familial transmission of adolescent polysubstance use patterns.
Dimensional perspectives propose that anhedonia is normally distributed in the population, with individuals who experience low levels of anhedonia responding quickly and strongly to a variety of common rewards, and those with higher levels of anhedonia having greater difficulty experiencing pleasure in response to rewards. For some, anhedonia is a state that is acutely elevated in the context of an active psychiatric episode or in response to stress (Bogdan & Pizzagalli, 2009) , becomes "dormant" in between episodes, and regularly remanifests during distress states. For others, anhedonia is a trait-like dimension with modest fluctuation across time (Lyons et al., 1995; Meehl, 2001) . While anhedonic individuals have difficulty processing and responding to perceptual rewards, drugs of abuse bypass stimulus input reward processing mechanisms by directly (i.e., pharmacologically) stimulating the brain's reward system . Consequently, it is plausible that when anhedonic (vs. nonanhedonic) youth initiate drug use, they may be more likely to escalate their frequency of use because pharmacological rewards may have unique motivational priority relative to alternative rewards due to their superior comparative efficacy in eliciting a pleasure response Wise, 2008) .
In addition to potentially increasing risk for adolescent substance use, anhedonia is a plausible mediator of familial transmission of substance use. Anhedonia is genetically transmitted (Bogdan & Pizzagalli, 2009 ) and gene variants linked with substance use risk may also alter neural phenotypes that underlie anhedonia (Ray et al., 2009; Wise, 2008) , raising the possibility that FHS may predict offspring anhedonia. Furthermore, children raised in homes of substance users may be more likely to be subject to familial neglect and chronic stress (Yule, Wilens, Martelon, Simon, & Biederman, 2013) , which are implicated in anhedonia development during adolescence (Bolton, Ruiz, et al., 2018; Hynes et al., 2017) . Despite its heritability, anhedonia is malleable in response to intervention (Craske, Meuret, Ritz, Treanor, & Dour, 2016) , including behavioral interventions that aim to increase access to and ability to savor rewards , and therefore could be a prime psychopathological target for substance use prevention.
Evidence of prospective positive associations between adolescent anhedonia and subsequent substance use is limited to a few studies that each focused on single-drug use outcomes-two showing prediction of smoking (Audrain-McGovern et al., 2012; Stone, Audrain-McGovern, & Leventhal, 2017) and marijuana . While polysubstance use is a common manifestation of drug use among U.S. youth (Conway et al., 2013) and is associated with FHS (Jones, Calkins, Scott, Bach, & Gur, 2017; Merikangas et al., 1998) , it is unknown whether polysubstance use patterns arise from anhedonia and whether anhedonia is a phenotypic marker of the familial transmission of substance use.
The current study sought to determine whether anhedonia mediates the association of FHS and adolescent substance use in a school-based longitudinal cohort of high school students. To optimally operationalize polysubstance use trajectories in adolescence, we first modeled the heterogeneity in developmental patterns of use and co-use of cigarettes, alcohol, and marijuana from age 14 to 16 years using parallel process latent growth mixture modeling. Given prior results and extant knowledge regarding longitudinal patterns of polysubstance use trajectories (Brook, Lee, Rubenstone, Brook, & Finch, 2014; Nelson, Van Ryzin, & Dishion, 2015) , we hypothesized that variation in use and co-use patterns over time could be accurately and parsimoniously captured with the following qualitatively distinct patterns: (a) abstainers, (b) experimenters who use one or multiple substances at low levels on a time-limited basis, (c) one or more group polysubstance users who escalate use of multiple substances during adolescence and reach moderate to high levels of use.
We then tested whether the association of FHS with adolescents' membership in specific substance use trajectory groups was mediated by anhedonia at age 14. We hypothesized that youth exposed to family members' substance use in childhood would have higher levels of anhedonia, which in turn would predict the likelihood of membership in trajectories involving polysubstance versus those involving single-substance use or little/no use of any substance. Considering a high degree of symptomatic heterogeneity of depression, such that different symptoms within a particular syndrome often only loosely cluster together and have distinct etiologies (Krueger & Bezdjian, 2009) , numerous measures of psychopathology were included as covariates, and the corresponding mediational pathway of a common psychiatric comorbidity (i.e., depressive symptoms) was also tested. Given that anhedonia may tap a single etiologically relevant process over and above variance captured by multisymptom composite syndrome measures of depression, mediating pathways involving anhedonia would be independent of manifest psychopathologic symptoms and play a unique role in the etiology of substance use risk.
Method

Participants and Procedures
Data were drawn from the Happiness & Health Study, a longitudinal cohort survey of substance use and mental health among high school students in Los Angeles, CA. Among 40 public high schools approached to participate in the study due to their diverse demographic characteristics and proximity, 10 schools participated (characteristics of participating schools, in reference to Los Angeles county public schools, appear in Table 1S in the online supplemental material). Of the 4,100 eligible ninth grade students, 3,396 students and their parents provided active written or verbal assent and consent, respectively, and enrolled in the study. Data collection involved four semiannual assessments: baseline (T1; Fall ninth grade, 2013; N surveyed ϭ 3,383, 99.6%) and 6-month (T2; Spring ninth grade, 2014; N ϭ 3,292, 96.9%), 12-month (T3; Fall 10th grade, 2014; N ϭ 3,281, 96.6%), and 18-month (T4; Spring 10th grade, 2015; N ϭ 3,251, 95.7%) follow-ups. At each time-point, paper-and-pencil surveys were administered in students' classrooms on site. Students not in class during data collections completed surveys by telephone, Internet, or mail (6-month follow-up: N ϭ 49; 12-month follow-up: N ϭ 142; 18-month follow-up: N ϭ 216). The University of Southern California IRB approved the study.
Surveillance and Monitoring the Future surveys (Eaton et al., 2010; Johnston, O'Malley, Miech, Bachman, & Schulenberg, 2016) . The number of days each substance was used in the past 30 days was assessed with nine forced choice options ranging 0 -30 days. To produce trajectories that could be interpreted as days used in past 30, the ordinal responses were recoded into the following quantities count variables: 0 for (0 days), 2 (1-2 days), 4 (3-5 days), 8 (6 -9 days), 12 (10 -14 days), 17 (15-19 days), 22 (20 -24 days), 27 (25-29 days) , and 30 (all 30 days).
Family history of substance use (FHS). At T1, participants reported whether anyone in their immediate family (parents, grandparents, brothers, sisters) had a history of smoking cigarettes, alcohol abuse problems, and drug abuse problems. Based on studies that support the basic concept of cumulative risk index (see Evans, Li, & Whipple, 2013) , responses to these three questions were dichotomously coded (0 ϭ no, 1 ϭ yes) and summed to create a cumulative FHS index (range: 0 to 3).
Anhedonia. At T1, an anhedonia composite score was created using two self-report measures of anhedonia selected to collectively provide adequate coverage of multiple facets of the anhedonia construct-the Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995) and Tripartite Pleasure Inventory-desire subscale (TPI; Leventhal, 2010; . The SHAPS includes 14 items assessing pleasure response to rewarding sensory stimuli, social activities, and hobbies based on how respondents have been feeling in the past few days (e.g., "I would be able to enjoy a beautiful landscape or view"). The response options ranged from 0 (strongly disagree) to 3 (strongly agree), and all items were summed (Cronbach's alpha ϭ .90). The TPI-desire subscale is an 11-item measure in which participants rated the extent to which they typically desire to engage in commonly pleasant experiences that span interest/pastimes, social interaction, sensory, and goals/mastery (e.g., "How much do you usually want to eat tasty food?"). Responses were coded as 0 (not at all), 1 (a little), 2 (somewhat), 3 (quite a bit), and 4 (very much). Cronbach's alpha was .79. In a prior psychometric study of ninth grade students, the SHAPS and TPI displayed convergent validity with each other . The two measures were significantly correlated in the current study, r ϭ .33, p Ͻ .001. Both the SHAPS and TPI responses were reverse coded such that their summary scores both reflected worse anhedonia. The summary score from both measures were separately standardized (M ϭ 0, SD ϭ 1) to place them on the same scaling metric. The standardized SHAPS and TPI scores were summed to comprise an anhedonia composite with a higher score indicating greater levels of anhedonia.
Depressive symptoms. At T1, a depressive symptom composite was created from two self-report measures. The Center for Epidemiologic Studies Depression (CESD; Radloff, 1977 ) is a 20-item measure of depressive symptoms experienced over the past week and rated on a 4-point response scale, ranging from 0 (rarely or none of the time; 0 -1 day) to 3 (most or all of the time; 5-7 days), for which a total scale was computed by the sum of 20 items (␣ ϭ .81). Participants also completed the 10-item Major Depression (MD) Scale of the Revised Children's Anxiety and Depression Scale (RCADS; Chorpita, Moffitt, & Gray, 2005) . For each item on the RCADS, respondents indicated how often they experienced each symptom on a 4-point scale, ranging from 0 (never) to 3 (always), and 10 items were summed (␣ ϭ .93). Both measures have demonstrated strong psychometric properties in previous adolescent samples (Simmons, Wilkinson, & Dubicka, 2015) , and were significantly correlated in the study, r ϭ .71, p Ͻ .001. The standardized CESD and MD scores were summed to comprise a depressive symptom composite.
Covariates. Covariates at T1 were selected to parse the relative contribution of anhedonia and depression to the familial transmission of substance use over and above extraneous processes that could potentially covary with FHS and lead to adolescent substance use. Sociodemographic characteristics, including age, gender, race/ethnicity, and highest parental education level, were assessed using self-report responses to investigator-defined forcedchoice items (see response categories in online supplemental Table  2S ). Lifetime ever-use of other substances besides cigarettes, alcohol, and marijuana (e.g., other forms of tobacco, inhalants, cocaine, ecstasy) at T1 were assessed with 19 separate questions that were each coded as 0 (nonuse) and 1 (any use) and summed, resulting in a cumulative drug use diversity index (range: 0 to 19). Also, peer use of cigarettes, alcohol, and marijuana in the past 30 days (i.e., number of five closest friends who had used these substances) was assessed via self-report measures. Peer use of each substance was coded dichotomously (0 vs. Ն 1) and summed (range: 0 to 3). As a psychological covariate, impulsivity was measured with the 12-item premeditation scale from the UPPS Impulsive Behavior Scale (Miller, Flory, Lynam, & Leukefeld, 2003) , which includes items assessing the tendency toward acting on instinct without conscious deliberation (␣ ϭ .89). The generalized anxiety subscale (six items; ␣ ϭ .89) from the RCADS (Chorpita et al., 2005) was measured and coded in the same fashion as the RCADS-MD. Finally, externalizing delinquent behavior was measured with a sum of frequency ratings for engaging in 11 behaviors (e.g., stealing, lying to parents; score range: 1 [never] to 6 [Ն10 times]; ␣ ϭ .79) in the past 6 months ( Thompson, Ho, & Kingree, 2007) .
Analysis Plan
We used a specialized "parallel process" application of growth mixture modeling (GMM; Muthén & Asparouhov, 2008) , which generates latent class profiles based on patterns of covariation across three separate sets of intercepts (baseline level) and linear slopes (rate of change over time), one set of growth factors per each substance (i.e., alcohol, marijuana, and cigarettes). The analysis generates separate model solutions, with each model estimating a different number of class profiles. The model that best fit the data was selected based on model fit comparisons using a series of standard fit indices (i.e., Bayesian Information Criterion [BIC], sample-size-adjusted BIC [SSA-BIC], Akaike Information Criterion [AIC]). We also utilized the Lo-Mendell-Rubin likelihood ratio test (LMR-LRT), which compares the improvement in fit between neighboring class models (i.e., comparing k-1 and the k class models) and provides a p value that can be used to determine if there is a statistically significant improvement in fit for the inclusion of one more class (Nylund, Asparouhov, & Muthén, 2007) . Finally, we interpreted entropy values for each model, which refers to the average accuracy in assigning individuals to class profiles.
For the primary analysis, we first conducted path analyses to test if FHS was associated with membership in polysubstance This document is copyrighted by the American Psychological Association or one of its allied publishers.
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use trajectory groups using multinomial logistic regression modeling excluding the anhedonia and depressive symptom composites (i.e., the "total effect;" Figure 2 ). We then tested the hypothesized mediational path model, which imbedded a multinomial logistic regression model for the substance use trajectory outcome (see Figure 3 ) and calculated the indirect "mediated" effects of FHS ¡ T1 anhedonia composite ¡ substance use trajectory groups (vs. the abstainers group) via Monte Carlo integration methods (Hayes, 2013) . Effect sizes were calculated from the proportion of indirect effect to the total effect using a protocol of a regression-based model (Preacher & Kelley, 2011) . A simultaneous pathway of FHS ¡ T1 depression composite ¡ substance use trajectory groups was also modeled to test whether mediating pathways involving anhedonia would be independent of multisymptom composite syndrome measures of depression. The final path model adjusted for each study covariate is listed in the Measures section. All models were tested in Mplus Version 7 (Muthén & Muthén, 2010) using the complex analysis function to adjust parameter standard errors for interdependence in the data due to the nesting This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
of students by their school. All variables were standardized in the path analyses (M ϭ 0, SD ϭ 1), permitting the interpretation of each path estimate as the change in the outcome associated with each one standard deviation change in the regressor. Significance was set to .05 (two-tailed). Missing data were managed with full information maximum likelihood (FIML) estimation. Additional supplementary analyses utilizing alternative strategies of GMM analyses, missing data management, and multinomial logistic regression modeling with a different reference group were conducted (see the online supplemental material).
Results
Preliminary Analyses
Among study enrollees, 3,392 (99.9%) provided at least one data point for the substance use variables in primary GMM analyses and constituted the analytic sample (see online supplemental Table 2S for Ns of available data). As depicted in online supplemental Table 2S , the sample was balanced on gender, and was sociodemographically diverse. Correlations among study variables at baseline are also presented in Table 1 .
Identification and Characterizing Trajectory Groups of Cigarette, Marijuana, and Alcohol Use and Co-Use
Model selection. Given prior evidence that the inclusion of a large group of abstainers in GMM may reduce the ability to detect meaningful variation among ever-users (Acock, 2008) , we first identified the abstainers class (N ϭ 1,763, 52.0%) who did not use any substances across the study period. We then conducted a series of GMM analyses using a subsample who reported at least one day of use of cigarettes, alcohol, or marijuana across any of the four time-points (N ϭ 1,629, 48.0%). Fit indices for a series of GMM analyses presented in Table 3S in the online supplemental material converged to suggest a three-class solution best fit the data (AIC ϭ 45133.79, BIC ϭ 45274.08, Entropy ϭ 0.82, LMR p value ϭ .03). Both AIC and BIC values sharply decreased across the one-class and three-class solutions, while the difference in AIC between the three-and four-class solutions was only 413.32. The scree plot for the log-likelihood also supported the three-class solutions (Nylund et al., 2007) . In the four-class solution, the LMR test comparing the improvement in fit with the three-class solution indicated that This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the inclusion of one more class did not significantly improve the model fit (p ϭ .15). Additionally, compared with the three-class solution, the four-class solution included a class with a relatively small proportion of the total sample (N ϭ 26, 0.8%), which was not clearly distinguished from other polysubstance use classes. Characterization of the trajectory group derived from the selected model. The resulting polysubstance use trajectory profiles included four classes-the three polysubstance use groups and the abstainers group. Descriptive statistics for all T1 study variables and observed mean past 30-day scores for each substance across T1-T4, by trajectory group, are reported in the online supplemental Table 2S and Table 4S, respectively. A trajectory group called experimenters (N ϭ 1,293, 38.1% of the total sample including abstainers) reported a negligible level of cigarettes, alcohol, and marijuana use in the past month (estimated mean initial number of days of use in the past 30 days at T1: marijuana ϭ .40, cigarettes ϭ .09, alcohol ϭ .54). The use frequency of each substance did not significantly change during the study observation period (estimated slope mean p values Ͼ.27; see Figure 1 ).
The polysubstance using marijuana escalators group (N ϭ 210, 6.2%) reported a significant level of marijuana use (initial level M ϭ 7.09, p Ͻ .001) and a significantly increasing trajectory (slope M ϭ 1.06, p ϭ .02) during adolescence. That is, the escalating marijuana users used 7 out of the past 30 days on average during Fall of ninth grade and increased the frequency of use by about one day in the past 30 days, on average, with each successive semiannual assessment. They also showed modest levels of cigarette and alcohol use trajectories (Ͻ4 days in the past month), which did not significantly change over time (see Figure  1) .
The heavy polysubstance using cigarette escalators group (N ϭ 126, 3.7%) a modest level of cigarette smoking that significantly increased across time (initial level M ϭ 2.01, p Ͻ .001; slope M ϭ 1.16, p ϭ .03). They also showed higher alcohol use on average (initial level M ϭ 6.18, p Ͻ .001) but did not significantly change their drinking level during the follow-up period (slope M ϭ 1.01, p ϭ .46). There was also a moderate frequency of marijuana use (initial level M ϭ 5.19, p Ͻ .001) but no significant change in marijuana use frequency over time (slope M ϭ 1.02, p ϭ .68).
Anhedonia as a Mediator of the Association Between Family History of Substance Use and Substance Use Trajectory Group Membership
Total effect analysis. As illustrated in Figure 2 , total effect analysis found positive associations of FHS score with each polysubstance use trajectory group (vs. abstainers) after adjustment of all study covariates. For example, each standard deviation unit higher in FHS was associated with 42% greater odds of membership in polysubstance using marijuana escalators (vs. abstainers) trajectory (OR ϭ 1.42, 95% CI [1.16, 1.74], p Ͻ .001).
Mediation by anhedonia. Illustrated in Figure 3 , the mediational model including all study covariates found that the association of FHS with membership in the polysubstance using marijuana escalators (vs. abstainers) group was significantly mediated by the T1 anhedonia composite (b indirect effect ϭ .05, 95% CI [0.004, 0.099], p ϭ .02). The proportion of the total effect mediated by anhedonia was .42. Component path estimates of this mediational process indicate that that FHS was positively associated with anhedonia (␤ ϭ .08, 95% CI [0.02, 0.15], p ϭ .02), which in turn significantly predicted the membership in the polysubstance using marijuana escalators group compared with the abstainers group (OR ϭ 1.72, 95% CI [1.15, 2.34], p ϭ .004).
Anhedonia also mediated the association of FHS with membership in the heavy polysubstance using cigarette escalators (vs. abstainers) group (bindirect effect ϭ .04, 95% CI [0.009, 0.087], p ϭ .02, the proportion of total effect mediated by anhedonia ϭ 
Supplementary Analyses
Alternative method for modeling abstainers. To assess the adequacy of our primary GMM analysis using the subsample of 1,629 substance users (i.e., students who reported at least 1 day of cigarette, alcohol, or marijuana use across any of the four timepoints), we conducted a series of GMM analyses using the total sample (N ϭ 3,392) including 1,763 abstainers who did not use any substance across four time-points. Considering excess zeros of past month substance use variables, we conducted the zero-inflated Poisson growth mixture model analysis (Acock, 2008) . This model yielded a solution similar to the primary results and resulted in four classes (see Table 3S and Table 4S in the online supplemental material): abstainers (n ϭ 2,032, 59.9%), experimenters (n ϭ 1,023, 30.2%), polysubstance using marijuana escalators (n ϭ 211, 6.2%), and heavy polysubstance using cigarette escalators (N ϭ 126, 3.7%). Detailed information regarding primary and alternative GMM methods to characterize latent polysubstance use trajectory profiles are presented in the sensitivity analyses section in the online supplemental material.
Unadjusted model testing the mediation paths of anhedonia. To address the role of study covariates, the final mediational path model with simultaneous anhedonia and depressive symptom composite mediators (presented in Figure 3 ) was retested without T1 covariates. The results showed a very similar pattern of findings to the final adjusted model, indicating that anhedonia significantly mediated the associations of FHS with membership in the heavy polysubstance using cigarette escalators (vs. abstainers) group (b indirect effect ϭ .05, 95% CI [0.006, 0.102], p ϭ .01, the proportion of total effect mediated by anhedonia ϭ .22) and the polysubstance using marijuana escalators (vs. abstainers) group (b indirect effect ϭ .04, 95% CI [0.008, 0.091], p ϭ .01, the proportion of total effect mediated by anhedonia ϭ .20). Also, an additional mediational path of anhedonia was detected this unadjusted model. The association between FHS and membership in the experimenters (vs. abstainers) group was significantly mediated by anhedonia (b indirect effect ϭ .01, 95% CI [0.003, 0.021], p ϭ .03, the proportion of total effect mediated by anhedonia ϭ .05). Detailed parameter estimates were presented in Table 1S of the online supplemental material.
Post hoc comparisons to the reference group of experimenters. The primary results compared the three substance-using trajectories to the abstainers group as a referent category, leaving unclear the extent to which the risk pathways are explained by a general propensity to initiate substance use or a proneness to progress from experimentation to significant levels of use. To address this question, we retested the structural equation models using the experimenters as the reference group (see Table 2S in the online supplemental material). Consistent with the final model results, FHS was significantly associated with adolescents' memberships in different substance use trajectory groups via anhedonia.
Additional potential influences on the study findings. To address the possibility that the occurrence of missing data, false reporting, and data collection method impacted our findings, we retested the final path analysis model presented in Figure 3 using: (a) a sample excluding participants who did not complete the follow-up survey at T4 (N ϭ 145, 4.3%); (b) a sample excluding participants reporting use of a fictitious drug at some point during the study period and therefore may have data of questionable validity (N ϭ 53, 1.6%); and (c) a sample without students who completed a follow-ups survey by an alternate mode of survey administration (N ϭ 255, 7.5%). No meaningful differences between primary analysis results and these sensitivity analyses results were detected (see the detailed description of these results in the Sensitivity Analyses section in the online supplemental material).
Discussion
This study finds the initial support of a novel model of familial transmission of adolescent substance use by showing that the prospective association between FHS in childhood and polysubstance use patterns from ages 14 to 16 was mediated by anhedonia at age 14. These pathways were empirically independent of other sociodemographic, environmental, and psychopathologic risk factors for substance use, and the pattern of results were qualitatively distinct from comparative descriptive results including depressive symptoms as a mediator linking FHS and adolescent substance use. In the context of testing this model, this study also provides some of the first evidence including: (a) polysubstance use patterns as the modal trajectory of adolescent substance use escalation, (b) an association between FHS and adolescent anhedonia, and (c) polysubstance use as a potential consequence of anhedonia in youth.
Using GMM analyses on triple conjoint trajectories of cigarette, alcohol, and marijuana use, we found four groups that parsimoniously explained heterogeneity in the developmental This document is copyrighted by the American Psychological Association or one of its allied publishers.
patterns of use of three popular substances across midadolescence (ages 14 to 16). Consistent with results from the National Survey on Drug Use and Health (Substance Abuse and Mental Health Services Administration, 2014), our findings showed that the majority of the total sample was classified as abstainers or experimenters who did not escalate their substance use and used cigarettes, alcohol, or marijuana only occasionally throughout midadolescence. Also, low prevalence of polysubstance use profiles was detected, consistent with the finding in a meta-analytic review on the trajectory overlap of cigarette, alcohol, and marijuana use across adolescence and young adulthood (Nelson et al., 2015) . As Nelson, Van Ryzin, and Dishion (2015) identified 3.9% qualified as high risk for all three trajectories and 10.5% of high school marijuana escalators, 3.7% of heavy polysubstance users and 6.2% of polysubstance using marijuana escalators were detected in the present study. While only a few prior studies have examined adolescents' cigarette, alcohol, and marijuana use trajectories conjointly (Nelson et al., 2015) , our findings concord with and extend a prior study that applied a parallel process GMM approach to cigarette, alcohol, and marijuana use in a sample followed across emerging and young adulthood (Brook et al., 2014) . Brook, Lee, Rubenstone, Brook, and Finch (2014) detected five groups with distinct trajectories of substance use: (a) nonuse, (b) use of all three substances, (c) alcohol use only, (d) marijuana and alcohol use, and (e) cigarette and alcohol use. Consistent with our findings of the identification of two poly substance use profiles with distinct developmental signatures, this study found two distinct groups of individuals who were involved in polysubstance use, including a group with high levels of both tobacco and alcohol use over time. While this study did not find evidence of escalating patterns of cigarette, alcohol, or marijuana use over time (Brook et al., 2014) , our study detected escalating trajectories of marijuana use and cigarette use in adolescence. It may be the case that focusing on critical developmental periods (i.e., early or midadolescence) can elucidate the origin of polysubstance use trajectories that may persist throughout adulthood.
After we characterized the developmental patterns of polysubstance use among adolescents, we found longitudinal associations between FHS with adolescents' membership in specific substance use trajectory groups, which was significantly mediated by anhedonia at age 14. There are several potential explanations for the observation that anhedonia was overexpressed in youth with more exposure to FHS and, in turn, predicted substance use uptake. Anhedonia and substance use may share common genetic underpinnings, as both have been linked with gene variants in dopaminergic pathways or other neural circuits implicated in reward and motivation (Bogdan & Pizzagalli, 2009) . If genetic covariance explains the link between adolescent anhedonia and subsequent polysubstance use, their association may be noncausal, and both phenotypes could merely reflect manifestations of a common genetic etiology.
Alternatively, it is possible that one of the many genetic influences on youth substance use risk is driven by a pathway in which anhedonia is a necessary and causal intermediate precursor, at least for certain cases of adolescent substance use. A similar notion has been proposed for evidence that youth novelty seeking traits mediate the association of FHS with adolescent substance use (Bidwell et al., 2015) . Under this interpretation, any factor (genetic or environmental) that leads to the development of anhedonia would presumably have downstream effects on substance use risk if anhedonia is indeed a causal mechanism of risk. Being raised in a family environment in which parents or siblings have substance use problems or drug-related morbidity or mortality can be a significant source of stress (Elliott, Carey, & Bonafide, 2012; Mann et al., 2005) or lead to insufficient parental nurturing (Yule et al., 2013) . Stress is a known precipitant for anhedonia (Bolton, Molet, et al., 2018) . Deficient reward stimulation in offspring caused by the absence of parental nurturing may promote insufficient maturation of reward circuitry during adolescence and, in turn, the behavioral expression of anhedonia (Molet et al., 2016) and anhedonia-related acquisition of drug-self administration (Bolton, Ruiz, et al., 2018) . Thus, the familial transmission of substance use via anhedonia may not be entirely driven by genetic influences.
Following substance use initiation, youth with higher (vs. lower) anhedonia may derive greater pharmacological reward from substance exposure. Indeed, laboratory drug administration studies demonstrate that anhedonia is associated with greater sensitivity to the acute rewarding effects of d-amphetamine and nicotine administration (Cook, Spring, & McChargue, 2007; Tremblay et al., 2005) . Hypersensitivity to drug reward in anhedonia may be due to an upregulation of dopamine D2 receptors caused by a chronically hypoactive dopamine release in response to natural rewards, which when challenged with a pharmacological reward, results in increased receptor occupancy and heightened psychoactive effects (Tremblay, Naranjo, Cardenas, Herrmann, & Busto, 2002) . Because individuals who experience greater rewarding effects during their early substance use experiences are more likely to escalate and persist in their use (King, de Wit, McNamara, & Cao, 2011) , this mechanism could explain why anhedonia was associated with an increased risk of membership in trajectories involving escalating use, in comparison with both abstainers and experimenters with very limited drug use exposure.
This study had limitations. In school-based studies, it is important to minimize the educational burden on teachers and students by utilizing an efficient and brief assessment strategy, which can result in measurement limitations. The measure of FHS was retrospective, self-reported, and based on the adolescents' probands and therefore could be subject to inaccuracies. The FHS measure was designed to be brief and simple (i.e., yes/no responses to FHS for cigarettes, alcohol, and marijuana) and does not address the density of FHS (i.e., the number of family members with a substance use problem) or detailed information about the level of use in family members. In addition, whether polysubstance use trajectories identified in this study or other findings will generalize to other regions is unknown, although prior nationally representative research finds that polysubstance use is common in adolescents and that anhedonia is associated with substance use in U.S. adults. Future research within and outside of the U.S. should consider social and cultural contexts in which different substances are accessible and socially normative, possibly resulting in various patterns of polysubstance use among youth. Finally, although the possibility that anhedonia is a causal risk factor for adolescent substance use uptake is conceptually plausible, causality This document is copyrighted by the American Psychological Association or one of its allied publishers.
cannot be determined in this observational study. In addition, familial transmission of substance use may be explained by other potential mediating variables including increasing environmental exposure to drugs or facilitating drug availability and impaired parenting behaviors (Merikangas et al., 1998) . These limitations notwithstanding, several implications can be drawn from this study. First, focusing on a narrow phenotype (i.e., anhedonia), with a putatively homogenous etiologic influence on substance use (i.e., desire to offset deficient reward stimulation by pursuing drug-related rewards), may be a useful conceptual premise to study substance use risk and its familial transmission in adolescence. Two, given that polysubstance use is a common pattern of adolescent substance use (Nelson et al., 2015) , the application of longitudinal modeling strategies that consider covariation of use of multiple drugs, such as those used in this study, may provide a more comprehensive and parsimonious clinical picture of substance use patterns among adolescents than focusing on single-drug trajectories. Three, if anhedonia is ultimately identified to be a necessary causal intermediate phenotype that transmits familial transmission of substance use, addressing anhedonia in substance use prevention may be beneficial. Candidate interventions that may reduce anhedonia include positive psychology approaches that teach individuals to cultivate positive affect and be mindful of positive emotions to extend their intensity and duration . Behavioral activation and alternative reinforcer enhancement interventions that motivate individuals to engage in healthy rewarding activities may also be useful. Interventions incorporating such concepts have shown promise in preventing alcohol use in college students (Murphy et al., 2012; Reynolds, MacPherson, Tull, Baruch, & Lejuez, 2011) . Finally, it is possible that anhedonic teens may benefit from the identification of novel and potent reinforcers which can provide strong reward stimulation to satisfy the desire for pleasure but do not pose significant health consequences. For example, prior research has found that anhedonia is associated with engagement in extreme sports (e.g., skydiving ; Franken, Zijlstra, & Muris, 2006) , perhaps because these activities are stimulating enough to engender a reward response in anhedonic individuals. Such activities and cultivating meaningful social connections may be powerful enough reinforcers to engender pleasure and happiness in anhedonic youth, reducing the propensity to resort to drugs as a means of obtaining pleasure . Adolescent etiology and intervention research addressing such concepts may be relevant for the reduction of anhedonia-related psychopathology, substance use, and the familial transmission of risky behavioral conditions related to adverse public health consequences.
